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Abstract
Computer technologies have the ability to transmit theoretical and conceptual processes for greater understanding of the
education environment. Todays' computer animated instruction not only popular for getting an interactive education lesson,
but it also has a new interesting visualization for both teaching and learning process. This paper discusses the preliminary
analysis and research methodology in the development of 3-D courseware. The research done in the form of 3-d static and 3-d
animated and both visualization will be investigating the effect in learning style. The topic of binary tree in Data Structure
selected as module content for a multimedia prototype because it's well-known as a difficult subject.  This is proved by the
preliminary analysis done at the UiTM Sarawak campus. Recently there has been appearance of interest in 3 dimensions (3-D)
because this technology offers a great variety of opportunities for showing concepts and processes. Visualization plays
stimulating element in multimedia for delivering the information. Until now less of research done for 3-D visualization
especially in a science subject, for this reason 3-D visualization used to provide a bridge between students' existing ideas and 
the learning of new knowledge. The paper shares the aspect of constraints found during the development of application
prototype.
© 2012 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the Faculty of Education, University Technology MARA, Malaysia.
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1. Introduction
The creative visualization plays a primary part in the teaching and learning outcomes. The new approach can
effectively compliment teaching and learning outcomes than conventional methods such as chalk and talk or
power point presentation. This is because research shows in 20th century time, interactive multimedia widely
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used as a medium of teaching approaches and learning tools that can enhance the ability of understanding (Mayer 
2005). However, inventing various applications and tools for classroom faced serious usability problem for 
effective implementation. 
We found that the 3¬D visualization is largely unexplored and most of the existing algorithm visualization 
restricted in two dimensions (2D) of visualizations (Korakakis et al. 2012). From results and conclusions made 
from studied carried out, such visualization has proven more useful and relevant for education, and no doubt 
visualization aids able to enhance the students’ knowledge and process of understanding topic given. So we take 
this opportunity to identify current and evolving trends, specify the open problem, and discover challenges and 
prospects for research in 3-D visualization in addition to improve teaching and learning process. Another reason 
is some of the research showing 3-D visualization has its own benefit and significant to education environments. 
 The purpose of this paper is to assess the potential of learning algorithm in 3-D visualization with the 
development of 3-D prototypes, and sharing some literatures that related to multimedia and data structures in 
using several of visualization types. Hence, the potential and suggested solution the earlier problem is to use a 3-
Dimensional model which can provide clearer information a figure or diagram because it reflects the reality of the 
object (Mayer & Moreno 2002). Here we also look into learning theories that involved developing courseware in 
computer science education. Furthermore we briefly discuss the design aspect of this application and finally, the 
prototype design, the challenges and opportunity of the system. 
2. Multimedia in Teaching and Learning 
2.1. Educational Multimedia 
In definition, multimedia combines at least two elements from continuous and discrete media types, such as 
audio or video and text or images. From past few years, many researchers used multimedia technology in making 
education more engaging, more enjoyable and more effective in order to achieve goal of teaching and learning 
(Hijón-Neira & Velázquez-Iturbide 2008). The main criteria in educational is how effective we deliver 
information or the subject matters to the learners. Even though multimedia application is part of computer 
supported teaching and learning, but from good results and extraordinary benefits have been achieved so far we 
believe that now is a perfect time to address and focus on this field. While there has been a number of a research 
on the impact of multimedia presentation, little has been written about the effects of 3-D animation on low and 
high achiever students. Written by Madar (Madar & Hashim n.d.), the impact of multimedia is significant 
important topic for the multimedia community in a way to teach multimedia that shapes today’s student, but also 
influences the fields in general, self-conception, and overall acceptance among other disciplines. However future 
of computing is not reflected in current curricula. 
2.2. Visualization and Animation 
A new study (Madar & Hashim n.d.)  has shown also the demands on algorithm visualizations have increased 
than previous thought. Australian Educator (Alharbi et al. 2010) stated, they believe whatever project presented 
in showcase illustrate the huge potential of educational multimedia, and they also expect the learning wave will 
produce much more multimedia-based learning tools for educational institutions. The use of multimedia 
courseware integrated several type elements of visualization and animation demonstrate positive contributions 
toward students understanding of delivery of information education.  3-D static is a constant and does not support 
users’ interaction that could influence the frame’s content, but this operation is possible in 3-D animation. Even 
though static visualization does not support different level of interaction and can consider less effective than 
dynamic (animation), it still needs experiment because having significant and mostly unexplored. In fact others 
said static frames also work well as animation (Noordin et al. 2011). It is a great deal to us understands the 
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strengths and weaknesses of using 3-D visualization approaches. It is useful studies to carry out in an attempt 
determine the effectiveness visualization algorithm that most of existing restricted in two dimensions (2-D). 
Visualization ability called where human mental ability can see hidden or unclear information shows the 
student’s problem is actually related to human spatial ability. While spatial visualization is specifically related to 
mental intelligence for understanding about space, shapes and correlated information which still not clearly 
specified. 
Much of the software and learning materials accompanying textbooks today include animation as an addition 
to instruction. This is also practiced in the Malaysian primary schools where most of the textbooks come with 
animated compact discs. 
Even though animations and computer-based instructions are highly regarded in today’s educational 
community, many instructors are hesitant to incorporate them into their lessons. There are reseacher (Alharbi et 
al. 2010) note that “a key impediment to the adoption of visualizations by instructors is the time required to learn, 
install, and develop visualizations and then integrate them into a course.” 
2.3. Multimedia in Data Structure 
Many instructors in computer science today are reluctant to design and include animation and visualizations as 
teaching tools due to time constraints and doubts about their benefits. There are a number of studies (Lizbeth et 
al. n.d.) in science education which related to the use of animations but most of these studies did not provide 
enough empirical evidence to support the role of cognitive load theory. 
There are research (Kong et al. 2007) done  in Web-based courseware that uses algorithm animation and data 
structure visualization. These research was to determine whether interactivity will improve student performance 
and whether there is a difference in the benefit of the courseware between students with an active learning style 
compared to students with reflective learning style. The findings were inconclusive and no significant difference 
was found on students learning styles and visualization. Andrade (Lizbeth et al. n.d.) conducted an exploratory 
study in comparing the effect of using three different of teaching approaches in teaching binary trees. The 
approaches are traditional instruction method, Web pages and multimedia-interactive system. Between all the 
three approaches, the performance of participants using the traditional instruction and a Web page method did not 
show any major differences. With the multimedia-interactive method, the students did show significant 
differences due to the combination of multimedia and interactive. 
2.4. Learning Theories 
The growing awareness in the institutes of higher learning resulted more interactive multimedia transformed 
from traditional content. With significant of learning theory apply the development system will help smooth 
learning. In behaviorist system promotes a student-centered learning environment, which integrates the positive 
guiding idea of behaviorism with a cognitive-constructivist approach. 
Mayer (2002) theories said in order to foster learning the multimedia instruction should have presentation 
involved words and pictures with instructional message, most Mayer (2005) experiments focused on the 
auditory/verbal channel, because he defines multimedia as presentation of using material using both words and 
picture. His seven principles apply for design of multimedia to investigate the nature and effects of multimedia 
presentations on human learning. 
Element of cognitive theory is to attempt to describe how information centers, stored and keep through 
learners. Implication of cognitive towards this study is that the content of the learning subject and the way it 
presented is given emphasis to learning process. 
The constructivist theories omit combines new information with existing knowledge and experiences even 
though constructivism thinking varies broadly on many issues. The theory of assuming that learning always 
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occurs in certain context and the context in turn much affects learning. Implication of using constructivism in this 
study is immense. 
Furthermore from a series of studies (Journal et al. 2012)(Yang & Chen 2011) shown the importance of 
animated presentation, and supported by Lizbeth (Lizbeth et al. n.d.) said that animation provides several 
important instructional roles; for example, to attract and direct attention, to represent domain knowledge 
involving movement and in explaining complex knowledge phenomena, e.g. structural and functional 
relationships among system components. 
3. Methodology 
The method used for design binary tree algorithm in 3-D visualization is a combination of animation, text, 
graphic, images, and sound. But the element of the animation does not apply in 3-D static. The prototype used 
ADDIE model in the development system. It will deliver a system quickest applies in both developed systems. It 
usually provides the ability to change the information system design. Typically, it produces significant saving in 
terms of time and effort. Figure 1 (a) shows the research flow guidelines with highlighted the process of the 
methodology. 
The courseware will divide into two versions of designing the 3-D visualization view, which is 3-D animated 
and 3-D static to determine the effectiveness of multimedia courseware by using sampling technique. The module 
content in application used the topic binary tree from the Data Structure subject, because the nature of this topic 
is well known had a difficulty level especially for undergraduate student. We expected to provide the learners 
with appropriate instruction and comprehensive information to understand the visualization. 
 
 
Fig. 1. (a) Research flow (RF) 
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We proposed an example graphic user interface (GUI) for 3-D visualization in Figure 1 (b) and (c) which 
snapshot from the prototype, the prototype requires software tools like 3ds Max 2011 for animation and Adobe 
Flash Professional CS5 for creating application with highly interactive multimedia. The application supported 
element text, sound, color, graphic and other to make education more engaging, enjoyable and encourage good 
result. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (b) Main page with content chapter 
 
 
 
 
 
 
 
Fig. 1. (c) Part from content module with 3-D visualization 
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   Sampling will be carried out with 60 degree students in Computer Science at the Faculty of Computer 
Science and Information Technology (FCSIT) University Malaysia Sarawak (UNIMAS) after all instruments and 
test procedures testified and verified by expert content lecturer (UNIMAS). The pre-test, post-test and usability 
test were instruments used to evaluate results from case study group. The evaluation will include student’s 
performance, satisfactions, effect of visualization and others related into the learning process. Data analysis will 
compare the effectiveness between 3-D animated and 3-D static to show the significant of visualization in 
education delivery. 
4. Preliminary Findings 
From the initial studies showed a positive response where 80% of them agree that if visualization used in 
lecturing it will help understand basic concepts and 60% of them need a lot of sample question or instruction 
which will they think can make understand how algorithm work, so this is important element we put into 
multimedia courseware analysis. Table 1 shows a preliminary study conducted at University Technology MARA 
UiTM Kota Samarahan campus with 13 undergraduate students from a computer science faculty and included 
lecturer. This survey is based on the traditional method of lecture (chalk and talk) and power point presentation 
(slide) as a teaching approach. This survey was obtained by using the following survey questions using a Likert 
scale with a scale from’ disagrees’ to ‘totally agree’. 
     Table 1. Results of Survey based on the Criteria 
Criteria No of Students 
Learning data structure subject is 
difficult 
6 
The binary tree topic is not easy to 
understand 
5 
Materials provided were helpful 7 
Module Content was well organized 6 
The presentation was easy to understand 6 
Teaching approach is reliable  for this 
topic 
5 
Available courseware 0 
394   Mohd Zulhisam and Riaza Riaza /  Procedia - Social and Behavioral Sciences  90 ( 2013 )  388 – 395 
From the results, we can identified that the students have some difficulty in learning the subject. Even though 
the survey was not too details, but it shows the significant of the novel contribution for the research. We also did 
an informal interview for the participants and found that the process of learning data structure is very difficult 
without visualization aids, thus some of them need for more example, exercises and hand-on experience for better 
understanding. The students also suggested to use dynamic visualization or graphics by explaining some difficult 
concepts and the algorithm processes can enhance their ability for the subject given. Finally we also found there 
is no other learning aid used for learning this topic.   
 
The questionnaire was divided into three parts which are as follows, 
 
x Visualization – Effectiveness of 3-D static and 3-D animation used to elaborate topic contents.  
x Navigation – Easiness of the user in browsing through the courseware with the functions provided such as 
help and next, back, or continue button.  
x Content – This category consists of several criteria such as sentences used, font, audio, and color that 
together make up an informative content for an effective delivery of the courseware. 
5. Discussion and Conclusion 
This paper outlines a work of progress in the development of courseware with adapting 3-D visualization and 
using module content from the topic of binary tree in Data Structure subject. The proposed topic is a part of an 
undergraduate Computer Science course. This learning application also provides interactive exercise for self-
assessment of the students’ knowledge.  As stated in table 2, we can conclude the progress of prototype by using 
SWOT analysis. 
Table 2. An example of a table 
Strengths Weaknesses Opportunity Thread 
Interactive 3-D visualization to 
attract attention in the learning 
process. 
Not online system. Apply to online system 
(web-based). 
Institutional. 
Embedded multimedia elements 
to have some excitement, fun and 
friendly environment. 
Heavy 3-D animated 
files. 
Extended into the 
database system . 
 
Easy access (installs and run) 
anywhere and anytime. 
Security and comfort. Develop in mobile 
phone. 
 
Learner-controlled. 
Offline. 
Limited information from 
sub topic. 
  
    
 
The main experiments will get underway after completion of the system and real data could lead to the results. 
Once the system completed, users’ experience (usability) and users’ understanding (recall and transfer tests) will 
be evaluated. Furthermore contribution from ongoing research hope 3-D visualization can apply and used as one 
of teaching aid to achieve impressive results and offer great perspective for the future where the area is heading 
and part of the growing literature on 3-D visualization. 
Incorporating multimedia technology into teaching is essential to increase student’s understanding, 
specifically for this project which applies the use of 3-D visualization to enhance their visualization on viewing 
object which formed in binary subject. The positive response whereby 90% of them agreed that they will used of 
courseware and implementation of 3-D visualization can help them to understand better compare to without 
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having any aids like what they have learned previously. 80% of the respondents also said that they would use the 
courseware to support their learning of the topic. It can be deduced that the objectives set earlier has been met 
and there are several recommendations for further improvement of this project. 
The biggest recommendation is that the 3-D object models should be able to be imported directly into the 
courseware so that manipulation of the object and mathematical equations can be done. It means that the 3-D 
graphic can change correspondingly as student inputs. This will allow the courseware to be interactive and 
maximizes student’s learn ability. 
Other recommendations are to have the courseware running online for easy access by both students and 
lecturers via the Internet and to include a quiz section in the courseware whereby students can test their 
knowledge at the end of the module. This courseware can be implemented through interconnection between local 
area networks (LAN) which are used widely in universities. 
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